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The Soviet Grain Situation in Fiscal Year 1974 
A Preliminary View 


Introduction 

1 . For the third timo in a decade the USSR 
has become a major factor in the world market for 
wheat and coarse grains. During fiscal year (F¥) 
1973, 1 nchedulod Soviet purchases of 26 million 
metric tons of grain will account for more than 
one-fifth of world imports of all grains (including 
rice) . The FY 1973 imports are about three times 
as much as the USSR bought in FY 1964 and FY 1‘J66 
after similar shortfalls in domestic production. 
Moreover, this year, unlike in the earlier years, 
nearly two-thirds of the purchases wore made in 
the United Sfatos. 

2. Because US agricultural programs and poli- 
cies must take into account potential grain ex- 
ports, the outlook for Soviet grain imports is of 
major concern. The purposes of this paper 
are to (a) project likely levels of Soviet grain 
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1. The fiscal year ends on 30 June of the stated 
year. 


25X1A 



T00875R002000030001-2 


h 

*• , A 

Approved For Release 2001/0@QNP1!tWi!N5npAgE5R002000030001-2 


production in 1973 on the basis of trends in yields 
of individual grains and (b) estimate probable 
domestic requirements for grain and provide a 
conditional forecast of Soviet grain imports in 
FY 1974. 

Principal Findings 

3. A forecast of Soviet grain production in 
1973 was obtained by extrapolating yields based 
on trends observed from 1958 to 1971. Under the 
most likely pattern of harvested acreage in 1973, 
the simple projection of yield trends implies a 
point estimate of output of 152>j million tons. 
Although the chances are two out of three that 
total grain output would lie within a range from 
133 million to 172 million tons, there is one 
chance in six that the c.op will exceed 172 million 
tons and one chance in six that it will be loss 
than 133 million tons. The high degree of uncer- 
tainty in the projection of output reflects the 
wide fluctuations in yields in the past. Soviet 
grain output is perhaps more strongly influenced 
by year-to-year changes in growing conditions than 
that of any other major world producer. 

4. A projection of domestic utilization of 
grain on be based on trends in those uses that 
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can be estimated with a fair degree of reliability 
(food, seed, and industrial uses) , on an analysis 
of the likely requirement for livestock feed, and 
on an allowance for waste and changes in stocks. 

The use of grain in FY 1974 for food, seed, and 
industrial use is expected to be almost 87 million 
tons — not very different from the levels of 
recent years. The demand for grain for livestock 
feed on the other hand, will probably increase 
between 5 million-10 million tons to a level of 67>s 
million-72>j million tons. (This range reflects alter- 
native strategies in expanding herds in calendar year 
1973.) Assuming no change in inventories and a wastage 
of 5 million tons, total domest.. , requirements would 


amount to .159 million-164 million tons. If, as seems 
likely, the USSR is unable to cut its grain exports 
in FY 1974 below the FY 1973 level, the Soviet re- 


quirement for grain for both domestic uses and export 


would be about 165 million-170 million tons. 

5. A comparison of the projected supply of grain 
under normal weather conditions (152*s million tons) 
and the expected demand for grain (165 million-170 million 
tons) implies a Soviet need to import about 12»j million- 
17»j million tons of grain in FY 1974. Should the 
USSR attempt to rebuild depleted carryover stocks 


of grain, the import requirement would rise accord- 
ingly. A crop of less than 140 million tons — a 
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distinct possibility given the wide range of pos- 
sible yields — would probably force the leader- 
ship to make painful adjustments in its present 
farm and consumer policies. 

Conditional Forecast of Grain Production in 1973 

6. Forecast yields for 1973 were obtained by 
extrapolating from a linear time trend fitted to 
reported yields for each of 11 grains and pulses 
in the 14 years 1958-71. ^ 

7. Forecasts of production were obtained by 
multiplying forecast yields by estimates of the 

i 

1973 harvest area. The total harvest area of 
121.5 million hectares (see Table 1) includes 22.0 
million hectares of winter grains and 99.5 million 
hectares of spring grains. The winter grain area 
is one of the lowest on record, primarily the re- 
sult of a 20% underfulfillment of last fall's 
sowing plan. In addition, the lack of snow cover 
and below-normal temperatures in the last half of 
January probably caused above-average winterkill, 
but the USSR will probably offset the winterkill 
in part by using less winter grain than usual for 

T. Appendix A sets out the several steps used in 
deriving the estimates; Appendix B presents the 
regression equations relating yields of the indi- 
vidual grains to time. 
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Table I 

Soviet Grain Area: Actual 1971 and Estimated 19731 



1971 

1973 

Total 

117.9 

121.5 

Winter wheat 

20.7 

1 6.3 

Spring wheat 

43.3 

45.2 

Winter rye 

9.5 

4.6 

Corn 

3.3 

5.5 

Spring barley 

20.3 

27.0 

Winter barley 

1.3 

1.1 

Oats 

9.6 

10.0 

Millet 

2.4 

3.0 

Buckwheat 

1.8 

2.0 

Rice 

0.4 

0.4 

Pulses 

5.2 

6.4 


- “■"•■■twiiun oi narvcsico arcu, by grain, is not 

available for 1972. Thf distribution for 1971, while reflecting 
a normal pattern for fall-sown grains, does not show the 
niajor sh!,t in spring-sown gral .s toward barley that was first 
observed i.' 1972. Because of rounding, components may not 
add to the totals shown. 


spring forage. To recoup losses, the USSR probably 
will sow more than 100 million hectares tc spring 
grains. The announced strategy is to emphasize 
barley, corn, and oats — crops that generally 
provide a better yield than spring wheat. 
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8. The trends in yields and the projected 
distribution of harvested area imply a gross grain 
crop of 152% million tons of usable grain in 1973 
(see Table 2) . This forecast, however, is a 

Table 2 

USSR: Harvested Area, Yields, and Gross Production of Grain* 


Total 

Winter wheat 
Spring wheat 
Winter rye 
Corn 

Spring barley 
Winter barley 
Oats 
Millet 
Buckwheat 
Rice 

Pulses 5.2 

Total net usable 
production 


Yields 

Gross 

Production 

((Centners 

(Million 

per Hectare) 

Tons) 

23. i 

181.2 

47.8 

11.8 

51.0 

13.5 

12.8 

25.7 

8.6 

15.9 

32.2 

18.1 

2.4 

15.2 

14.7 

8.5 

2.0 

6.6 

1.2 

36.7 

1.4 

13.3 

6.9 


148.0 


Projected 1973 


Harvested 

Area 

Yields 

(Million 

(Centners 

Hectares) 

per Hectare) 

121.5 

16.3 

22.0 

45.2 

11.6 

4.6 

12.8 

5.5 

29.6 

27.0 

16.4 

l.l 

16.4 

10.0 

15.9 

3.0 

9.4 

2.0 

7.7 

0.4 

39.5 

6.4 

15.4 


Actual 1971 


Harvested 

Area 

(Million 

Hectares) 

117.9 

20.7 

43.3 

9.5 

3.3 

20.3 

1.3 

9.6 

2.4 
1.8 
0.4 


I . Because of rounding, components may not add to the totals shown. 


Gross 

Production 

(Million 

Tons) 

188.4 

35.9 
52.4 

5.9 

16.3 

44.3 
1.8 

15.9 
2.8 

1.5 

1.6 

9.9 

152.6 


TI I'his is the net output equivalent of the 188% 
million tons of gross output estimated in Table 2. 
Officially claimed gross production of grain is 
known to overstate usable grain because of excess 
moisture, trash, handling losses, and suspected 
biases in reporting. The average of estimated 
discounts from gross output during 1958-71 is 19%. 
This figure is applied to the projection of pro- 
duction in 1973. 
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point estimate to which a confidence interval must 
be attached. The confidence interval was calcu- 
lated from estimates of the variances of each grain 
and the co-variances among grains. Thus the vari- 
ations of each individual yield around the trend 
forecast were computed, and the forecast variance 
was calculated as a weighted sum of the variances 
for each grain, taking into account the degree to 
which yields of different grains fluctuate to- 
gether. The point estimate of production and the 
lower and upper bounds at the 68% probability 
level for total grain and for bread grains are as 
follows : 


Million Tons 


Forecast 

Low 

High 

Total grain 

152.6 

133.1 

172.1 

Bread grain 

76.3 

64.5 

88.1 

Wheat 

71.5 

60.0 

83.1 


1 

L 


9. The production forecast for 1973, given 
"normal" weather and the expected sowing strategy, 
exceeds the record harvest of 150 million tons of 
usable grain in 1970. Nevertheless, the poor- 
harvest of 1972 (134 million tons) is within the 
calculated confidence interval, as is a crop large 
enough to satisfy all foreseeable requirements for 
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grain. As wide as the range might appear (given 
the use of a 63% probability level in deriving the 
range of possible forecasts) , there remains one 
chance in three that the 1973 crop could be either 
lower than 133 million tons or higher than 172 
million tons. 

10. The wide range of uncertainty in projected 
output reflects the wide fluctuations in annual 
yields. In the late 1960s, 45% of the total grain 
area in the USSR and 60% of the total wheat area 
was in a 21-oblast area where rainfall is mar- 
ginal — between 10 and 16 inches per year. In- 
deed, about three-fourths of the sown area in the 
Soviet Union has a climate similar to the Great 
Plains states of North Dakota, South Dakota, 
Nebraska, Montana, and Wyoming and the Frairie 
Provinces of Canada. These North American regions 
also have had a long history of wide cyclical 
swings in grain yields resulting from variations 

4 

in weather conditions. 

IT. Because of differences in farming practices, 
the cyclical swings in yields (as measured by the 
coefficient of variation) in the comparable area 
of the Soviet Union would be larger. Good land 
management in analogous areas of North America 
demands that 30% or 40% of the cultivated area be 
in clean fallow. In the USSR in 1971, only about 
12% of cultivated acreage in the areas referred to 
were under clean [footnote continued on p.9] 
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Outlook for Soviet Demand for Grai n 

11. Because little information is published on 
the utilization of grain in the Soviet Union and 
statistics on stocks are closely guarded secrets, 
estimates of current consumption and projected 
requirement's can only be approximated. Of the 
various uses of grain, the dispositions for seed, 
food, and industrial uses can be estimated with a 
reasonably high degree of confidence. Estimates 
of the grain flowing into the other channels of 
utilization — waste and livestock feed — and the 
change in year-to-year stocks are at best rough 
approximations. Table 3 provides estimates of 
the grain balances for FYs 1971-73 and a tentative 
estimate of the demand for grain in FY 1974. 

12. On the basis of assessed Soviet requirements 

for grain in FY 1974, the demand for food, seed, 

and industrial use is expected to come to roughly 

86*s million tons, the same as in FY 1973. The 

allowance for waste and assumed inventory change 

Fallow. (under the practice of cFean fallowing — 
the land is not planted and is cultivated only as 
needed to suppress weeds. The practice also per- 
mits accumulation of moisture in the soil.) 

5. In deriving the residual available for addi- 
tions to stocks or livestock feed, an allowance of 
3* is used for waste. This waste factor covers 
losses after the initial stage of harvesting and 
storage. J 
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Table 3 

USS. : Estimates of Grain Supply and Demand 

Million Metric Tons 

Supply of Groin Demand for Groin 

Food, Seed, 



Net 

Production 

Imports 

Total 

Exports 

and Industrial 
Use 

Waste 

Inventory 

Change 

Livestock 

Feed 

Total 

FY 1971 

150 

3 

153 

8 

85 

4# 

1 

54# 

153 

FY 1 972 

148 

8 

156 

8 

87# 

4# 

•3# 

59# 

156 

FY 1973 

134 

26 

160 

6 

86# 

5 

0 

62# 

160 

Projected 
FY 1974 

152# 

12#- 

165- 

6 

86# 

5 

0 

67#- 

165- 



17# 

nO 





72# 

170 


in FY 1974 also imply no change from the FY 1973 
level. Although the USSR is trying to reduce its 
exports of grain — particularly to client states 
in Eastern Europe — it probably will not succeed 
in cutting its deliveries below last year's level 
of 6 million tons. Indeed, as a result of record 
grain crops in Eastern Europe in 1972, the USSR 
was able to reduce its grain exports to Eastern 
Europe from 5 million tons in FY 1972 to 3 million 
tons in FY 1973. If output should slip in these 
countries in FY 1974, the Soviet Union will be 
under considerable pressure to supply more than 
3 million tons of grain. 

13. The upsurge in the use of grain for live- 
stock feed, a consequence of the official campaign 
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initiated in 1969 to alleviate meat shortages is 
the principal cause of the Soviet, grain problem. 
Since 1969, requirements of the livestock program 
have outstripped the supply of feed grains and 
have eroded seriously the USSR’s reserve stocks 
of wheat. In 1969, an estimated 9 million tons of 
wheat were released from government stocks for 
feeding livestock in 1970. The use of wheat 
reserves for livestock feed is believed to have 
reduced them to near the level considered vital as 
a strategic reserve. Indeed, the major imports of 
grain in FY 1972 and FY 1973 indicate that grain 

7 

stocks have been drawn down to minimal levels. 

Matching the FY 1973 supply of grain with the 

requirement for export, food, seed, industrial use, 

and waste leaves a residual for livestock feed of 

more than 62 million tons. This magnitude, in turn, 

would be three million tons more than the grain 

fed to livestock in FY 1972 and 20 million to 

FI In the last few years, about 20 million tons 
of wheat have been fed to livestock annually. 

7. That is, inventories held as buffer stocks to 
minimize the effects of harvest shortfalls. In 
addition to stocks to cover normal requirements, 
some unknown quantity of inventories of grain is 
held for strategic purposes to supply the military 
forces and the economy in time of extreme emer- 
gency. Presumably, at the point when total grain 
reserves consist solely of strategic stocks, the 
regime will feel compelled co authorize imports. 
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25 million tons higher than the amount fed in 
FY 1968. 

14. The demand for grain for livestock feed is 
thus the key element *n projecting the total [Soviet 
demand for grain in FY 19/4. In December the Central 
Committee approved livestock goals fru' 1973 that 
will maintain overall livestock production at 
approximately the 1972 level while permitting a 5% 
reduction in meat output. The emphasis in 1973 
will bo on rebuilding herds and recovering previous 
levels of productivity. As a result of the bad 
harvoot of 197?, inventories of hogs doclinod and 
a downturn in output ot milk and meat per animal 
occurred in the last half of 1972. The USSR has 
made it clear, however, that it still hopes to meet 
the ambitious goals for livestock products origi- 
nally set for 1975 (see Table 4). Even to come 
close to achieving these goals, livestock output 
will have to rise dramatically during 1974 and 1975. 
Because production from the 1974 crop will not be 
available in volume for feeding livestock until 
August-September 1974, the level of livestock pro- 
duction in 1974 will c; ,pend in large part on grain 


12 

CONFIDENTIAL 

Approved For Release 2001/09/28 : CIA-RDP85T00875R002000030001-2 


Approved For Release 2(10(1 ^^|fl^Pf^rP 0875R002000030001 - 2 

i 

%W& *«#««#«■ «f t Jt**«t* ****** 


input, 

wr?#»f I 

Wor4 fi««| 

t*p fWI&w) 

supplied from the 1973 crop end from imports in 
f*Y 1974.® 

IS. To support the livestock program, there* 
tote, the ‘ISSft will ha vi to increase the amount Of 
grain fed to livestock. We estimate this increase 
to be 5 million-10 million tons it TV 1974 . The lower 
end of tlie range assumes that! 

• Production of non-grain feedstuff* (si- 
lage, hay, pasture, other concentrates, 
etc.) in 1974 will recover from the 
drought-affected 1973 level but will 

not oxcoed the average for 1970 and 
1971. 

• The recent emphasis on increasing the 
number of hogs and poultry, whoso 

8. Selected non-grain feeds produced in 1974 — 
pasture and green chop — would normally bo avail- 
able by June-July; other feeds — oilseed cake and 
silage — would not be available in volume until 
September. 
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Ml I ( ^TfP ft c*<} * ft f | y f> f r jt Pi ft * 

v i } S 

• 7h© 1 ? §3£ Vile hUTE*® Vn ; f - 5 £ « o $ £>« 

f 1 5 of !j f ft 5 fv 5 n 55 ** T © ft </>r? % f ft t 5 njft 4* 
to ft':hi©r© ?»ftd5y ft©**! P“f grftitnft f n 
foo^iinci ft f f I c 4 ftftcy fthd red'^eftd cost®, 

• 7hft plfthnfttd $* loft i f> ftp ft t onl* 

pw’t 4 #> c^|o^4#r y®#r 197? in coft^atl* 
isrvn vitn caJo^Jir y«r 197* vsu i>o 
ftVfthly d 4 ft if ihylH ihf OMghniil tho 
JfMf* 

i®* ©nd of thp ran#© ft>dif4ft« th© 

l*&t ##ftutt$?t ion ab»ovo to the ©*t©nt Ihatt 

• 7h* 5* deertao® in ft©*t ai»tfn»t slated! 
for 19?? i ft concentrated m the first 
sia ninths of the year to achieve a 

a i^#ltaneo«ft ra$»i4 hu4 !«!>;}> of herds* 

17* Thi« aftft\^»j?tion vtHild provide fot a higher 
average lev© 1 of «iv©#ti>ca inventor leu throughout 

Ft 1#?4 in order to sustain a rapid advance in 

output of swsat in 2??# and 

CTTn other v-oVds. hungers of live* lo-c* wo-jld rise 

At. a rflU 4fin.tr i ka Mia ru«» u*t f #*r « a) i »*--«. 4*.u.i j 
— — - **- r «*•*?’•» tt« n « w« ■ y * a %.* *a» % a v> 

reoul re a decl i he of more than $» in neat production 
in comparison with the corpus ponding period in ii?2. 
Th»a would be followed by a higher level of neat 
output in the last half of the year. 

This interpretation of official strategy in re- 
gaining the forward moment** in meat production la 
supported by the figures for industrially processed 
swat i«« the first two month* of 19?) — down lot 
from the corresponding period in 1972. 
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18. Thus the 1IPFS * s feq«lf?«“hls for grain add 
to about lfi', mi 11 ion* 170 million tabs, the re» 

fleeting the above a Itet native. In the unlifcely 
event that prwd^teUoft would he precisely l*)2H ni 1 i i oh 
tone *» * the point estimate with normal weathet -* 
the URSA would need to import 12*» mi 1 1 ion- 1 7*» million 
tone of grain to meet its requirements fully. It 
should be noted, moreover, that these estimates 
allow foff ho feplebi shment of grain reserves, whie?> 
are believed to be minimal now. If, as seems lifcely, 
the Soviet Union decides to set aside additional 
tonnage this crop year as buffer stocks, the import 
requirement would rise accordingly . )*ever theless, 
because the range of possible production is so wide, 
there is a reasonable chance that the Pf*FP would not 
have tc import »ny grain at all or, alternatively, 
that it would head to purchase much more than 1?S 
million tons from abroad, ts'ilh a crop of 140 mill* bn 
tons or less -- a distinct possibility given the 
wide range of possible outcomes -- the leadership 
would probably iheC'ss to mafce oainful adjustments 
i£ its present farm and consumer policies to avoid 
paying the enorr ->us sums of hard currency that would 
bis necessary to buy grain in the quantities ordered 
lt\ PY 1973. 
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estimate usable grain. Alternatively, the yield 
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discount- for each year. 
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1 * ACTUAL - i;t 

*' t t I 

TMp relationships of estimated and actual production 
for total grain and for bteadgrain can he seen in 
the charts in Appendix C. 

3. The maximum absolute deviation, measured in 
million metric tons, is 33.2 for 1963; and the 
average absolute deviation is lo.8 million tons. 

The sum of deviations is 2.2 million tons, indi- 
cating no substantial bias toward errors of one 
sign. When each absolute deviation is divided by 
the corresponding actual total production, the 
average of these is 10». The root mean square 
error, computed aai 

14 

(4) Wl SP. * I(,V14) ; (DKV ) 2 1/2 

l-l 1 

is 14.2 million tons. Tor breadgrains, the average 
absolute deviation is 8.2 million v . rr .^_ 

deviation ip 12* f .md rwt 

square error is 9.9 million ton*. 

4. Thus a rough estimate based on the statis- 
tics presented above is that the total forecast of 
1S2.4 million tons fur 19 7 J is accurate with a pro- 
oaoiiity o! 0.68 "ithin the range * 1 3 million tons. 

Por breadgrains the 68k prediction interval simi- 
larly would be »10 million tons about the 1973 fore- 
cast of 76.3 million tons. A more rigorous pro- 
cedure outiinod below gives 681 prediction 
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intervals of million tons in total grain and 

^11.8 million tons for breadgrains, thereby cor- 
roborating the intuitive estimates. 

t» . The main difficulty impeding a simple but 
rigorous derivation of prediction intervals for 

grain aggregates is that the regression equations 

2 

for each grain are what Theil calls "disturbance- 

related" i in particular, weather cycles introduce 

contemporaneous correlations among tlvs error terms 

To deal with this difficulty, ce shall ex- 

3 

tend a result derived by Hooper and Zellner. In 

their notation, our regression model becomes: 

2 

C5) V(i,n) r(i,k)x(k,n) *v(i,n), 

R=1 

where y(i,n) is the yield per hectare of the ith 
grain in the vith year, such that n * 1 corre- 
sponds tti 19!»8: x(k,n) is the kth regressor vglue 
during the nth year, such that x(l,n) * 1 for all 
n, and x(2,n) » nj - < i # k ) is the regression co- 
efficient for the kth regressor in the ith equation: 
and vii.n) is the error term in the ith equation 
for the nth year. 

2. Henri The.'i, Principles of Econometrics , Now 
York, 1971, p, 2571 

J. John Hooper and Arnold Zollncr, "The Error of 
forecast for Multivariate Regression Models," 
Ecooometrica , Vol, 29, No. 4, October 1961. 
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6* in matrix notation, tho modal is; 

(6) Y s itx f V,, 

where Y represents an (11x14) matrix of tho U onto 
of sample values of yiolda per hectare for tho 11 
typos of grain; n is an (11x2) matrix of unknown 
regression coefficients; X is a (2x4) nonotocliantie 
matrix of values taken by the independent variables; 
and V is an (11x14) matrix of error terms. We 
assume that the 14 columns of V are independent 
random draws from an 11-dimonsional normal (Gaussian) 
population, such that each column has a zero ex- 
pected value, and columns have a common covariance 

matrix ;:(v,v). Those conditions may bo summarized 
as t 

C(v(i,nM » 0 for all and n, and 

(8) K(v(i,n) v{ j,n' ) ! « < 0 # n ^ n * 

• x i t J ) , n = n ' . 

Thjs we allow for correlation among error terms in 
different equations in the same year, but not 
among random terms of different years. 

7. By regressing tho yields per hectare of 
each grain on a constant term and on time for 14 

' ~ r **- “"‘■““i « matrix or regression co- 

efficients P, such that 

Y » PX + v# 
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» 

where 9 ia the matrix of observed error terms. Our 
forecast vector of yields per hectare for a future 
year £ is them 

(10) Y* ( £) * PX(f) , 

wnore X(f) denotes the (2x1) column vector (l,f)'. 

8. The observed value of yields per hectare 
in the future year will be: 

Ol) Y ( f ) * liX(f) + V(f) , 

such that the error of forecast will bo: 

(12) Y* ( f ) - Y ( f > * (P - n)X(f) - V(f), 

To estimate the forecast covariance matrix i;(f,f), 
Hooper and Zollncr suggest that we compute: 

(13 > S ( v, v) as (YY’ - PXX ' P ' ) /( 14 - 2), and 

(14) q as X ( £ ) * (XX')“ 1 x(f) . 

An unbiasod estimator S(f,f) of is then: 

< 15 > S(f, £)«()+ q)S(v,v) . 

9. To got the confidence interval wo want for 
total production, wo can dofino the (llxl) column 
voctor A as sown acreages for the forecast year, 
and then define: 

(16) fc2 85 <A'(Y*(f) - Y ( f ) ) 1 2 /A 1 S ( £ , £ ) A » 

This t value has the Student's "t" distribution 
with (14 - 2) degrees of froodom, as can be aeon 
from the following two arguments. 

4. Op, cl t . 7 p. 550. 
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1C. First, tho numerator in (16) is the aquaro 
of a normally distributed acalar value since 
f Y * < f ) Y,(f)} ia multi normally diatributod with 

moan 0 and covariance 5:<f,f). Thus the aquaro root 
of the numerator can bo standardized by dividing 
it by the aquaro root oi tho acalar A'i, (f,f)A. 

11. Second, Hooper and Zollnor 5 argue that 
(14 - 3(f,f) ia distributed as the sum of (14 - 2 ) 

vector products, i.e., as: 

(17) 12 

I s (n)s (n) ' , 
n-1 

whore a (n) ia an (lixl) vector, and whore tho s(n) 
vectors are distributed normally and independently 
of each other, each having a 0 expected value and a 
covarianco matrix 5;(f,f). Thus if wo define: 

(18) D “ (d4 - 2 ) A ' S ( f , f ) A ) . ( f , f ) A , 

2 

then D is a chi-square variate with (14 - 2) de~ 
greos of froodom. 

'2. Thus tho t 2 value in (16) is a squared 
normal variate divided by tho ratio of a chi-square 
variate over the variate's degrees of freedom. 

Since this corresponds to the definition of a "t" 
variate, we can use tho probability relation: 

(19) Pr( |t | > t ) - <i 

a 

r; a id. 
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to derive confidence intervale about the total pro- 
duction forecast Y(£), and also about the total 
breadgrain forecast DU). In particular, wo can 
bo 68% confident that Y(£) will be in the interval 
152.6 + 19.5. Similarly, forecast breadgrain pro- 
duction will be in tha interval 76,3 + 11.8 with 
probability 0.68. 
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AWfeNttlX B 

USSR: Linear Regretninn* on 1958-7 1 Yield Trend 
■nd Tnfecaalt nf Grain Yield* in 197.1 
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APPENDIX C 


Prediction of So viet Production 
T ronBFtn yiel ds. TTO^TT 
rHguToTT ancT 2) 


From 


Predicted production shown in the charts is the 
sum of the products of trond yield and actual har • 
vest areas for each grain. The wide variation in 
,**! a ? 9U 9 gestQd in Appendix D, coupled with the 
annual changes in sown acreago patterns, results 
in a largo fluctuation in the plot of predicted 
total outputs over time. H 
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APPENDIX D 


Yields of Individual Soviet Grains. 1958-71, 
and Linear Estima tion of Trend 
figures 2-13) 


Yields are expressed in centners per hectare of 
harvested acreage and reflect official claims -- 

?5 e giv ? n on a " bunkor weight" basis. 

In 1958-71 the ratio of usable grain to grain in 
bunker weight averaged 0.81. 
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